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SECTION 1. INTRODUCTION 


The Office of Space and Terrestrial Applications, Technology Transfer 
Division, was requested by the NASA Administrator's Office to provide 
information on the demand (or market) for Landsat-type products over the 
next 15 years. That information was prepared and presented to NASA by OAO 
Corporation on August 21, 1981. 

This report constitutes the economic study that was performed to determine 
the potential market for Landsat products through the 1990' s. It documents 
the constraints placed on the study, the assumptions made in the economic 
model, the data and methodology used, and the final results which were 
presented to the Technology Transfer Division. 

This study was conducted under Task #49, Contract NASW3358, and is the 
final deliverable of that task. The work was performed by the OAO Manage- 
ment Advisory Services group under the direction of Russell Smith, 
assisted by F. Hawkins, T. Austin, and E. Porter of the OAO Aerospace 
Division and with consulting services from ECOsystems International, Inc. 
of Gambrills, Maryland. Technical Monitor for this task is J. Weber, 
NASA/OSTA, Code ETS-6. 


1-1 



SECTION 2. STUDY CONSTRAINTS 


Time was a critical constraint in the performance of this study. A presen- 
tation of the results was required within two days of the task's inception. 
Consequently, the study used existing data, providing OSTA with 
justifiable results which they could use in the time frame allowed. 

Additional ground rules were specified for the format in which the study 
results were categorized and presented. These additional constraints are 
as follows: 

a. The potential market for Landsat-type products would be presented 
in terms of Landsat "scenes" or "frames" which would be 
purchased. 

b. These scenes would be further classified by product type, either 
imagery or computer compatible tape (CCT). 

c. The future demand for Landsat products would be projected for the 

following user sectors: international; federal; state and local; 

academic; and private. 

d. The future demand for Landsat would also be categorized according 

to end uses or applications as follows: agriculture/range/ 

forestry; miner a Is/ energy resources; hydrology/water resources; 
health/ environment; marine/oceans; land use/cartography; and 
national defense. 
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SECTION 3. STUDY METHODOLOGY 


The study methodology involved three basic steps: first, to prepare base- 
line data; second, to determine quantitative extrapolation factors; and 
three, actually to perform the extrapolation and determine the study 
results. 

Baseline data were obtained from Reference 1, which is a record of actual 
sales data from EROS Data Center. These data required manipulation, using 
References 2 and 3, to conform to the user sector/application classifica- 
tion needed for the study. The manipulations performed are described in 
subsections 3.1 and 3.2. 

Quantitative measures of the future demand for Landsat products were based 
on two assumptions: expected improvements in the Landsat system and 
competition from planned comparable systems. The growth factors due to 
system improvements were determined from user requirements studies and 
surveys (References 2, 3, and 4). Competition from other systems was 
included as gross adjustments. 

The extrapolation results are presented in Section 4. 

3.1 ESTABLISHING A BASE YEAR 


Establishing a base from which to extrapolate future demand was a critical 
step in producing a credible analysis. This base should be related to some 
measure of actual demand for products. Sales figures for Landsat image and 
tape products from the EROS Data Center (Reference 1) were available and 
are the most reliable representation of real demand for Landsat products. 

While the EROS Data Center figures were used to establish a base year, two 
factors do make them a conservative measure of demand. First, some Landsat 
products are provided to the user community (primarily Federal agencies) 
by special arrangement from Goddard Space Flight Center without being sold 
through EROS. Second, some Landsat data are collected and sold to a 
variety of users by foreign receiving stations. However, these two sources 
of Landsat data were considered small in comparison to the EROS Data 
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Center. Therefore, the EROS sales data were not prorated to account for 
the greater actual demand for products satisfied by these other sources. 
Adjusting the EROS information by some factor may produce a more realistic 
estimate of actual demand. 

The EROS sales figures for 1979 were selected as the baseline Landsat 
market. The EROS annual figures given in Reference 1 showed an overall 
decline in sales from 1976 to 1980 which most likely corresponded to a 
reduction in government-sponsored research activities. Sales appeared to 
level off at the end of that period, indicating a stabilized level of 
demand in 1979. In addition, 1979 was the most recent year for which 
complete figures were available; thus, its figures were selected as the 
base year. 

In addition to providing a base year sales level, these figures were used 
to calculate a "unit price" factor from the total number of CCT and image 
products sold, and total revenues. This factor represents the weighted 
average price of each product and will be used later to calculate the 
dollar value of future prdouct demand projections. Two assumptions should 
be- noted-w-th-regard -to- tMs--"-un-it- pri^ factor. First, the ratio of 
image to CCT products is assumed to remain constant over time and that the 
1979 base data satisfactorily represents that ratio. Second, the price 
factor was not adjusted to reflect future price changes. This assumption 
is likely to be conservative in that product prices could increase by an 
order of magnitude within the time frame covered in the study. However, no 
reliable information was available on which to base future price 
increases. 

3.2 CORRELATING REFERENCE INFORMATION WITH STUDY REQUIREMENTS 

In several ways the information provided in References 1-7 had to be 
adapted to meet the study requirements in terms of user sectors, applica- 
tion categories, data timeliness and resolution. In some cases, gaps 
existed such that extrapolations had to be performed; in other cases more 
detailed information was available than required such that figures had to 
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be combined or adjusted to produce consistent results. Sometimes informa- 
tion from two or more sources had to be integrated to achieve results in 
the required format. Some of these adaptations are discussed below. 

The EROS Data Center sales figures for 1979 which were used to establish an 
annual demand base could be divided into the five user categories as 
specified for this study. (The EROS categories "Industrial" and 
"Individual" were combined to form the category "Private" for this study.) 
However, the EROS figures did not give the demand for products by applica- 
tion category as required for this study. The breakdown of demand by the 
application categories requested by NASA was determined from References 2 
and 3. Table 3-1 lists the seven applications categories specified by NASA 
for this study, with each category numbered. Tables 3-2 and 3-3 list the 
categories provided in References 2 and 3, respectively, with the number of 
the NASA-specified category to which each corresponds. 

Table 3-1. Application Categories Specified by NASA for this Study 


NASA Application Category 

1 

Agriculture/Range/Forestry 

2 

Minerals/Energy Resources 

3 

Hydrology/Water Resources 

4 

Health/Environment 

5 

Marine/Oceans 

6 

Land Use/Cartography 

7 

National Defense 


Reference 3 was used to determine the demand for products by application 
for the federal and foreign user sectors. The federal sector information 
was provided by a survey of only USDA, DOI, and U.S. Army C.O.E. These 
agencies' requirements were assumed to reflect the need for products 
proportionately by application for the federal sector as a whole. The 
international (foreign) sector demand for products was formed by combining 
the demand stated in reference 3 for both the foreign private and foreign 
governmental arenas. 
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Table 3-2. Application Categories (Reference 2) Matched to 
Specified Categories 


NASA 

Application Category 

NASA 

Application Category 

6 

Land Change 

3 

Wetlands 

6 

Land Class 

3 

Drai nage 

1 

Forest Inventory 

1 

Soil Class 

2 

Geology St. 

2 

Geobotanic 

4 

Wildlife Inventory 

2 

Topography 

4 

Environmental Department 

1 

Agriculture Evaluation 

1 

Range Inventory 

1 

Forest Evaluation 

1 

Crop Division 

1 

Forest Condition 

1 

Crop Inventory 

5 

CZM 

2 

Landforms 

2 

Magnetic 

2 

Lithology 

2 

Gravity 

4 

Water Level 

1 

Crop Condition 

'3 

Inland Water 

1 

Other Renew 

4 

Wildlife Evaluation 

1 

Soil Moisture 

2 

Thermal 




Table 3-3. Application Categories (Reference 3) Matched to 
Specified Categories 


NASA 

Application Category 

NASA 

Application Category 

1 

Crops 

2 

Geology 

1 

Soils 

3 

Hydrology 

1 

Forest 

4 

Wildlife 

1 

Range 

6 

Land Use 













Reference Z was used to determine the proportionate demand for products by 
application in the state and local, academic, and private sectors. This 
source was used because it provided the most recent data available for 
these sectors. 

The application category National Defense was the only one of the seven 
examined which was not discussed in References 2 and 3. This category, 
which was assumed to be of interest only to the federal user sector, refers 
primarily to the measurement and inventory of renewable resources for 
defense purposes. Based upon information from References 5 and 6, it was 
estimated that National Defense requirements would be 15% of those for the 
Agriculture/Range/Forestry applications. This figure, which accounted for 
about 6% of the total federal sector demand, was added to the EROS' 1979 
base sales information because it was assumed to be absent from the normal 
sales information. 

3.3 EXTRAPOLATION OF BASELINE MARKET TO FUTURE MARKET 


The 1979 base year sales information provides the basis for extrapolating 
future demand for Landsat products. Two factors were recognized which will 
have significant impact on this demand in the future. The first is more 
timely delivery of data from the satellite to the user community. Based 
upon the plans for Landsat D, it was assumed that the data delivery time 
would be reduced to one week in 1985. By improving delivery time, the 
demand for products will theoretically increase, since the requirements of 
more time-critical applications can now be met. This increase in demand is 
substantiated by Reference 4, in which the percentage of requirements that 
can be met by various data delivery times is presented for some applica- 
tions. Assuming a seven-day delivery time, growth factors were determined 
for the various applications whose requirements are met by the increased 
system capability. These factors, which were applied to the 1979 base to 
produce the 1985 demand, are shown in Table 3-4. This 1985 projection is 
based upon the current Landsat resolution of 80 meters and the projected 
seven day data delivery time. 
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Table 3-4. Growth Factors to Adjust the Base Year Demand Due to 
Seven Day Data Availability (Extrapolation from 
Reference 4, Page 42) 



Percent of 
Present Market 

Percent of 
Seven Day 
Delivery Market 

Growth Factor 

Agriculture 

25 

35 


Forestry 

75 

85 

1.37* 

Mineral & Energy 

95 

95 

1.00 

Hydro & Water 

40 

60 

1.50 

Mar i ne 

50 

60 

1.20 

Cartography 

95 

95 

1.00 

Health & Education 

40 

60 

1.50 

National Defense 

60 

82 

1.37 


*Separate time use factors were used for agriculture and forestry. These 
were weighted by % use and combined. The forestry-agriculture breakdown 
was not for current base so the total was adjusted by use factor. 


The second factor which will have significant impact in the future demand 
for Landsat products is increased resolution. Just as timely data delivery 
provided the basis for projecting increased demand in 1985, improvements 
in data resolution are likely to increase demand further after 1985. Based 
upon projections for future land remote sensing systems, it was assumed 
that 30 meter resolution would be achieved by 1990 and 10 meter resolution 
by 1995*. 

While these assumptions may seem arbitrary, they are reasonable estimates 
of times at which significant utilization of data at these resolutions will 
occur. Although data at 30 and 10 meter resolution are scheduled to be 
available well before 1990 and 1995, respectively, the demand for them is 
likely to begin at a low level and gradually increase as the necessary 
capabilities and techniques for data processing and analysis are 
developed. Thus, the increase in demand for products during the five year 


3-6 











intervals, (i.e., 1985 to 1990 and 1990 to 1995) will be gradual rather 
than a drastic increase at the end of each interval. 

Making this higher resolution data available in addition to nominal 80 
meter data, the demand for Landsat products will increase as evidenced by 
the user coimiunity requirements presented in Reference 3. These require- 
ments are presented for the user sectors being examined in this study as 
well as for various applications, which can be cross-referenced with Table 
3-3 to fit the seven applications of this study. Using the Reference 3 
information on user requirements for data at nominal (80 meter) and higher 
resolutions (30 and 10 meter), ratios were established to project the 
increased demand for data as resolution increased. In this way, the 1985 
demand was extrapolated to 1990 and 1995, when the higher resolution data 
was assumed to be available. 

Two additional assumptions should be noted concerning the extrapolation of 
future demand for products. The first is that data delivery was assumed to 
remain at seven days through 1995. Data delivery times may in fact improve 
over that time period so that the estimates for future product demand are 
somewhat conservative since demand should increase with improved 
timeliness. The second assumption is that competition from foreign 
satellite systems will have a significant impact on the foreign user demand 
for U.S. satellite products. The French SPOT system was assumed to be 
satisfying one-half of the demand of the foreign user cotrmunity in 1990. 
In the 1995 time frame the Japanese MOS system would combine with SPOT to 
capture two-thirds of the foreign market. The foreign sector demand 
projections for 1990 and 1995 have been adjusted to reflect these 
reductions. 
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SECTION 4. RESULTS 


As stated in Section 1, the purpose of this study was to project the future 
demand for Landsat products over the next two decades. The most effective 
format for presenting these results is in matrix form. A series of 
matrices which contain the study results are presented below. 

4.1 BASE YEAR MATRICES 


The baseline sales of data for 1979, obtained primarily from the EROS sales 
data, are tabulated in Tables 4-1 and 4-2. Table 4-1 gives simply the 
unadorned sales data, separated into the required user/appli cation 
categories by the method described in subsection 3.2. Table 4-2 relates 
the various subtotals by including percentages, as well as pinpointing 
references which substantiate the user/application classifications used. 

4.2 1985 PROJECTION 

The 1985 market projection is based upon the increased utilization 
expected from an improvement in data delivery time from the current 60-90 
days to seven days. In Table 4-3 are the growth factors, with the 
projected number of data products (frames or CCT) to be sold and the 
equivalent dollars, per user/ application category. The growth factors 
reflect the assumption that application class, rather than user type, is 
the driving factor in the utilization of data, particularly at this stage 
of the projection, which includes only the improvement in data delivery 
time. 


4.3 1990 PROJECTION 

The 1990 projection in Table 4-4 includes the seven-day data delivery time, 
30-meter resolution, and the competition from the French land remote-, 
sensing system. The inclusion of all three of these items lead to less 
uniformity in the growth factor between user sectors. A noticeable effect 
is in the international user market, which in almost all cases decreases. 
However, the improved resolution increases the market in nearly every 
other category so that the total market has increased. 
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4.4 1995 PROJECTION 


Table 4-5 gives the projected market in 1995, which includes, besides the 
seven-day delivery time and the French competition, a new improvement in 
resolution to 10 meters and the Japanese land remote-sensing system. The 
results are significant increases for most users in the agriculture, 
cartography, and national defense applications, but much smaller increases 
or even decreases for the international user sector. 

4.5 COMPOSITE FIFTEEN-YEAR PROJECTION 

In Figure 4-1 and Figure 4-2 are the cumulative market data by user sector 
and by application class. From these graphs it is clear that improved 
resolution is a major factor in the marketability of Landsat data, the IO- 
meter resolution in particular having a significant impact on the federal, 
private, and international user, and on the agriculture, minerals, and 
national defense applications. 
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SOURCE #1 (CONSUMER PROFILES LANOSAT IMAGERY, OCTOBER 23,1979 AND CCT CONSUMER PROFILE OCTOBER 10, 1980 FOR FY 1979) 
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Table 4-3. 1985 Landsat Market Projection (based on seven-day delivery time) 
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Table 4-4. 1990 Landsat Market Projection (based on 30-m resolution) 












































































































Table 4-5. 1995 Landsat Market Projection (based on 10-m resolution) 

















































































































































































Figure 4-1. Fifteen-Year Landsat Market Projection-Sales by Year by Application 
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SECTION 5. REFERENCES 


The reference materials which were selected for use in this study are 
listed below with a brief description of the information contained in each. 

References 

1 Customer Profile of Landsat Imagery (FY73-Fy79) and CCT 
(FY75-FY80) purchases; EROS Data Center; October 10 & 23, 
1980. 

Contains information on number of frames/scenes sold and 
their dollar value by user categories for each fiscal year. 

2 "An Analysis of User Requirements for Operational Land 
Satellite Data"; G. Williams Spann, Nancy J. Hooper, 
Metrics, Inc. and David J. Cotter, NOAA; presented 15th 
International Symposium on Remote Sensing of Environment, 
Ann Arbor, MI; May 1981. 

Illustrates graphically the data derived from an analysis of 
user requirements for an operational land satellite data. 
These requirements were expressed in questionnaires returned 
to NOAA after the March, 1980, series of conferences on the 
U.S. operational land remote sensing satellite system. 

3 "Chapter 2 - Working - User Requirements"; unpublished 
report prepared by NOAA to supplement the NASA/NOAA transi- 
tion plan; circa May 1980. 

The data requirements for an operational land remote sensing 
system are discussed along with a summary of the needs of the 
USDA, USDOI, USCOE, state and local governments, and 
domestic private sector. 

4 "Planning for a Civil Operational Land Remote Sensing 

Satellite System: A Discussion of Issues and Options"; 

NOAA, U.S. Department of Commerce; June 20, 1980. 
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This document discusses the issues involved in implementing 
an operational land remote sensing system from space, 
initially based on Landsat technology, with the goal of 
eventual private sector ownership and operation. Some 
policy and technical options related to implementing an 
operational system are included. 

5 "Landsat Follow-On: A Report by the Applications Survey 

Groups - Discipline Discussions"; Technical Memorandum 33- 
803, Volume II; NASA, Jet Propulsion Laboratory; December 
15, 1976. 

6 "A Summary of the Users Perspective of Landsat-D and 
Reference Document of Landsat Users"; prepared by Office of 
User Affairs. 

7 "Analysis of the Private Market for Landsat Products and 
Applications - Final Report"; for OSTA, NASA Headquarters by 
OAO Corporation; March 31, 1981. 

Study analyzes the U.S. private market arena and identifies 
potential private users of Landsat technology. Recommenda- 
tions are made for involving cooperative activities between 
NASA and the private sector. 
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